Please type a plus (+) inside this box - 



ffl 



A 



PTO/SB/29 (12/97) 
Approved for use through 09/30/00. OMB 0651-0032 
Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1 995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 



m „ UTILITY 
M o PATENT APPLICATION 
TRANSMITTAL 

(Only for new nonprovisional applications under 37 CFR 1.53(b)) 



Attorney Docket No. 



First Named Inventor or Application Identifier ^ 



Denis BERTIN 



Express Mail Label No. | EM 06 1 0 1 7 676 US 



Assistant Commissioner for F 
ADDRESS TO: Box Patent Application 
Washington, DC 20231 



Fee Transmittal Form 

Submit an original, and a duplicate for fee processing) 



-Descriptive title of the Invention 
-Cross Reference to Related Applications 
-Statement Regarding Fed sponsored R&D 
-Reference to Microfiche Appendix 
-Background of the Invention 
-Brief Summary of the Invention 
( -Brief Description of the Drawings (if filed) 
-Claim(s) 

-Abstract of the Disclosure 
Drawing(s) (35 USC 113) 
I Oath or Declaration (unexecuted) 



6. □ 

7. □ 



Microfiche Computer Program (Appendix) 

Nucleotide and/or Amino Acid Sequence Submis: 
(if applicable, all necessary) 

. □ Computer Readable Copy 

. □ Paper Copy (identical to computer copy) 

. □ Statement verifying identity of above copies 



[Total Sheet(s) ] 
[Total Sheets 2] 



, □ Newfy executed (original or copy) 
. o Copy from a prior application (37 CFR 1.63(d)) 
(for continuation/divisional with Box 17 completed) 
[Note Box 5 below] 
i. □ DELETION OF INVENTORS(S) 

Signed statement attached deleting inventor(s) named in the prior 
application, see 37 CFR 1 .63(d)(2) and 1 .33 (b). 
Incorporation By Reference (useable if Box 4b is checked) 
The entire disclosure of the prior application, from which a copy of the oath 
*or declaration is supplied under Box 4b, is considered as being part of the 
disclosure of the accompanying application and is hereby incorporated by 
reference therein. 



ACCOMPANYING APPLICATION PARTS 



1 Assignment Papers (cover sheet & documents)) 

I 37 CFR 3.73(b) Statement □ Power of Attorney 

(when there is an assignee) 
] English Translation Document (if applicable) 

Information Disclosure a Copies of IDS cite. 

Statement (IDS)/PTO-1449 

Preliminary Amendment 
I Return Receipt Postcard (MPEP 503) 

(Should be specifically itemized) 
] Small Entity □ Statement filed in prior application, 

Statement(s) Status still proper and desired 

Certified Copy of Priority Documents) FR 97 16690 

(if foreign priority is claimed) 

Other: Utility Patent Fee Calculation and French 
preliminary search report. 



17. If a CONTINUING APPLICATION, check appropriate box and supply the requisite information: 

□ Continuation □ Divisional □ Continuation-in-part (CIP) of prior application No. filed 



18. CORRESPONDENCE ADDRESS 



53 Customer Number o: 



or □ Correspondence address below 



Burden Hour Statement: This form is estimated to take 0.2 hours to complete. Time will 
the amount of Jme^ou^are required to^rornplete |iis fpjrn should be sent to the Chief Infc 



inding upon the needs of the individual case. Any comments on 
- '.^"^^^^i^r^^'S. ^ iic, »u . , .cuui i w.ficer, Patent and Trademark Office, Washington, DC 20231 . DO 

NOT SEND FEES OR COMPLETED FORMSTO THIS ADDRESS. SENDTO: AssistantCommissionerfor Patents, Box PatentApplicat'on, Washington, DC 20231 . 



NY2 - 912294.1 



Express Mail No.: EM 061 017 676 US 



Pennie & Edmonds llp 

Counselors at Law 

1155 Avenue of the Americas 
New York, N.Y. 10036-2711 
(212)790-9090 

ATTORNEY DOCKET NO. 2988-644 Date December 18. 1998 

Assistant Commissioner for Patents 
Box PATENT APPLICATION 
Washington, D.C. 20231 

Sir: 

The following utility patent application is enclosed for filing: 



Applicant(s): Denis BERTIN Executed on: 

Title of Invention: CONTROLLED RADICAL POLYMERIZATION PROCESS USING A SMALL AMOUNT OF 
STABLE FREE RADICAL 

Pages of Specification 34 + abstract Sheets of Drawing 



PATENT APPLICATION FEE VALUE 



TYPE 


NO. FILED 


LESS 


EXTRA 


EXTRA RATE 


FEE 


Total Claims 


33 


-20 


13 


$22.00 each 


286.00 


Independent 


1 


-3 


0 


$82.00 each 


0.00 


Minimum Fee 

Multiple Dependency Fee 
If Applicable ($270.00) 

Total 

50% Reduction for Independent Inventor, 
Nonprofit Organization or Small Business 
Concern (a verified statement as to the 
applicant's status is attached) 

Total Filing Fee 


$ 760.00 




1,046.00 




$ 1,046.00 



Priority of application no. FR 97 16690 filed on December 30, 1997 in France is claimed under 35 
U.S.C. §1 19, a certified copy of the French priority application is enclosed. 

A preliminary amendment, a French Preliminary Search Report issued on FR 97 16690, an 
unexecuted Declaration And Power Of Attorney, and an Information Disclosure Statement with form PTO-1449 and 
cited references are also submitted herewith. 

Please charge the required fee to Pennie & Edmonds LLP Deposit Account No. 16-1 150. A copy of 
this sheet is enclosed. 




24. 576 
(Reg. No.) 



PENNIE & EDMONDS llp 

Enclosures 

This form is not for use with re-issue, design or plant patent applications. 



NY2 -912307.1 



EXPRESS MAIL NO.: EM 061 017 676 US 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Application of: Denis BERTIN Group Art Unit: To be assigned 

Serial No.: To be assigned Examiner: To be assigned 

Filed: On even date herewith Attorney Docket No.: 2988-644 

For: CONTROLLED RADICAL New York, New York 

POLYMERIZATION PROCESS USING A December 1 8, 1 998 
SMALL AMOUNT OF STABLE FREE 
RADICAL 

PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 
ATTN: Box Patent Application 

Sir: 

Please amend the above-identified application as follows: 
IN THE SPECIFICATION: 

Page 1, line 3, please insert -TECHNICAL BACKGROUND OF THE 
INVENTION-- as a line of header. 

Page 1 , between lines 8 and 9, please insert --BRIEF DESCRIPTION 
OF THE RELATED ART- as a line of header. 

Page 2, before line 1 , please insert -SUMMARY OF THE 
INVENTION- as a line of header. 

Page 3, before line 1, please insert -DETAILED DESCRIPTION OF 
THE PREFERRED EMBODIMENTS- as a line of header. 
IN THE CLAIMS: 

Please amend claims 1, 5, 7, 9, 12, 14, 16, 18-22, 24-26 and 28 and 
add claims 30-33 as follows: 



sentence; 



Claim 1, lines 15, 18, 22, and 26, delete "-" at the beginning of 

Claim 1 , lines 3-4, delete "which can be polymerized"; 
Claim 1, line 6, delete "said" after "the". 

Claim 5, lines 1 to 2, amend "one of Claims 1 to 4" to -- claim 1-. 
Claim 7, lines 1 to 2, amend "one of the preceding claims" to ~ claim 1 

Claim 9, lines 1 to 2, amend "one of the preceding claims" to - claim 1 

Claim 12, lines 1 to 2, amend "one of the preceding claims" to » claim 

Claim 14, lines 1 to 2, amend "one of the preceding claims" to -- claim 

Claim 16, lines 1 to 2, amend "one of the preceding claims" to ~ claim 

Claim 18, lines 1 to 2, amend "one of the preceding claims" to -- claim 

Claim 19, lines 1 to 2, amend "one of the preceding claims" to -- claim 

Claim 20, lines 1 to 2, amend "one of the preceding claims" to ~ claim 

Claim 21 , lines 2 to 3, amend "one of Claims 1 to 20" to - claim 1-. 
Claim 22, lines 2 to 3, amend "one of Claims 1 to 20" to ~ claim 1-. 
Claim 24, lines 1 to 2, amend "one of Claims 21 to 23" to - claim 21--. 
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Claim 25, lines 1 to 2, amend "one of Claims 21 to 23" to - claim 21--. 
Claim 26, lines 2 to 3, amend "one of Claims 1 to 20" to - claim 1-. 
Claim 28, lines 1 to 2, amend "one of the preceding claims" to - claim 

1 --. 

Please add claims 30-33 as follows: 

-30. Process according to claim 22, characterized in that, 
between the formation of two blocks, the temperature is at least equal to the 
lower temperature used to produce one of the two blocks.- 

-31. Process according to claim 23, characterized in that, 
between the formation of two blocks, the temperature is at least equal to the 
lower temperature used to produce one of the two blocks.-- 

-32. Process according to claim 22, characterized in that, 
between the formation of two blocks, the temperature remains at least equal to 
100°C.~ 

—33. Process according to claim 23, characterized in that, 
between the formation of two blocks, the temperature remains at least equal to 
100°C.~ 

IN THE ABSTRACT OF THE DISCLOSURE: 

Please delete lines 2-12 including three (3) rows of asterisks before the 
text of the abstract. 
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REMARKS 

Claims 1-33 are in the case. Headers have been inserted into the 
specification. Claims 1, 5, 7, 9, 12, 14, 16, 18-22, 24-26 and 28 have been 
amended to delete the multiple claim dependency. Claims 30-31 and 32-33 have 
been added to direct to the subject matter in canceled claims 24 and 25, 
respectively. The abstract of the disclosure has been amended to conform to 
USPTO requirements. 

No fee is believed to be due for this amendment. Should any fee be 
required, please charge same to Deposit Account No. 16-1 150. 
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CONTROLLED RADICAL POLYMERIZATION PROCESS USING 
A SMALL AMOUNT OP STABLE FREE RADICAL 
******** 

The invention relates to a process for the 
5 polymerization or copolymerization of at least one 

monomer which can be polymerized or copolymerized via a 
radical route, in the presence of a stable free radical 
and of a polymerization or copolymerization initiator. 

Radical polymerization in the presence of a 

10 stable free radical can lead to a polymer with narrow 
polydispersity . According to the prior art, high 
concentrations of stable free radical are required to 
obtain such an effect. The use of such amounts of 
stable free radical is economically disadvantageous 

15 and, furthermore, can pose toxicity or organoleptic 

problems depending on the use of the final polymer or 
copolymer. Furthermore, these processes of the prior 
art have very slow kinetics and do not even make it 
possible to polymerize or copolymerize certain monomers 

20 such as methacrylates . The process according to the 
invention offers a solution to the abovementioned 
problems since it allows the use of a very small amount 
of stable free radical, while at the same time leading, 
at high rates, to polymers or copolymers with narrow 

25 polydispersity, even for methacrylates. 

The process according to the invention allows 
the preparation of block polymers and grafted polymers 
whose grafts can be block polymers. 
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The process according to the invention 
comprises a step of polymerization or copolymerization 
of at least one monomer which can be polymerized via a 
radical route, in the presence of a polymerization or 
5 copolymerization initiator and of a stable free 

radical, the said step being such that, per 10 0 mol of 
monomer , 

- if (SFR) represents the number of moles of 
stable free radical in the polymerization or 

10 copolymerization medium, 

- if F SF R represents the functionality of the 
stable free radical, i.e. the number of sites on the 
same stable free radical molecule in stable free 
radical form, 

2.5 - if (INIT) represents the number of moles of 

polymerization or copolymerization initiator in the 
polymerization or copolymerization medium, 

- if F IN it represents the functionality of the 
initiator, i.e. the number of sites in free radical 

20 form which each initiator molecule is capable of 
generating, 

the following relationships exist: 
F SFR x (SFR) 

< 0.15 

25 Finit X (INIT) 

and 

F SF r X (SFR) < 0.2 mol. 
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As an example of a stable free radical whose 
functionality F SFR is equal to 1, mention may be made of 
a molecule represented by 



R 8 Re 



R 4 . 



-*5 
Rj 



R 3 N R 1 
0. 

in which the groups Ri, R 2 , R3, R4/ R5/ Re, R7 and R 8 
represent alkyl radicals. 

As an example of a stable free radical whose 

functionality F SFR is equal to 2, mention may be made of 
a molecule represented by: 

.°-Q-o- fi -<=H4- r °^Q.-o. 

R 4 R 8 Rb r 4 

in which the groups Ri, R 2 , R3, R4, Rs> Re. R7 and R 8 
represent alkyl radicals and n represents a non-zero 
integer . 

As an example of an initiator whose 
functionality F INIT is 2, mention may be made of dicumyl 
peroxide . 

As an example of an initiator whose 
functionality F xmT is 4, mention may be made of ethyl 
3 , 3-di { tert-amylperoxy)butyrate, which can be 
represented by: 



4 



CH 3 



CH 3 



CH 3 



CH3 — CH2— C — 



0-0 — C — 



0-0 



C — CH 2 — CH 3 



CH 3 



CH 2 



CH 3 



0 



C 2 H 5 



since it contains two -O-O- sequences which are each 
capable of generating two sites in free radical form, 
i.e. -0*. 



departure from the context of the present invention to 
introduce the stable free radical in the form of a 
molecule comprising a group capable of generating a 
stable free radical during the step according to the 
10 invention. 



of the invention, a molecule is introduced comprising a 
group which may be represented by -A-Y, the said group 
being capable of generating a stable free radical Y* 

15 during the step according to the invention, all of the 
groups -A-Y introduced at the start should be taken 
into account in the context of the determination of the 
amount (SFR) mentioned above. Still in the context of 
this example, if, simultaneously with the formation of 

2 0 Y', the group -A' is a polymerization or 

copolymerization initiator, all of the groups -A-Y 
introduced at the start should also be taken into 
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Needless to say, it does not constitute a 



For example, when, in the context of the step 
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account in the context of the determination of the 
amount (INIT) mentioned above. 

As an example of a group which generates a 
stable free radical, mention may be made of the groups 
5 =N-0-X with which US Patent 4,581,429 is concerned, the 
said group being capable of generating in the 
polymerization or copolymerization medium a group =N-0', 
which is a stable free radical, and a group X', which is 
a free radical which initiates the polymerization of a 
10 monomer M, so as to form the sequence =N-0- (M) n -X, n 
representing a non-zero integer. 

The species =N-0-X is thus a stable free 
radical generator whose functionality F SF r is 1. 

The species =N-0-X is also a polymerization 
15 or copolymerization initiator since it is capable of 

generating a polymerization-initiating free radical, X* , 
and its initiator functionality F INIT is 1. 

Preferably, per 100 mol of monomer, F INIT x 
(INIT) ranges from 0.01 to 20 mol and more preferably 
2 0 from 0.1 to 2 mol. 

Preferably, per 100 mol of monomer, F SFR x 
(SFR) ranges from 0.0 001 to 0.2 and more preferably 
from 0.0005 to 0.1. 

Preferably, 
2 5 F SF r X (SFR) 

0.0005 < < 0.15 

Finit X (INIT) 
More preferably. 
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F SF R X (SFR) 



0.005 < 



< 0.1 



F rNIT x (INIT) 



It is also possible to have 
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F SFR X ( SFR) 



0.005 < 



< 0.05 



Finit X (INIT) 



The step of the process according to the 



invention can be carried out at from 100 to 250 °C and 
10 is preferably carried out at from 13 0 to 200°C. 



invention can be carried out for a sufficient duration 
which depends on the desired degree of conversion of 
the monomer into polymer or copolymer. Short durations, 
15 of about 5 minutes to 2 hours, and more generally from 
15 minutes to 1 hour, can even be obtained for degrees 
of conversion of monomer of greater than 50%, or even 
90%. 



20 invention can be carried out in the presence of a 

solvent, but also with very little solvent, or even in 
the absence of solvent. As an example, the solvent can 
be present in the proportion of from 0 to 50%, or even 
0 to 20% and even 0 to 10%, of the weight of the sum of 

2 5 the mass of monomer and solvent. The term solvent is 
generally understood to refer to a liquid which is 
inert with respect to the reaction medium and which at 
least partially dissolves at least one monomer and/or 



The step of the process according to the 



The step of the process according to the 
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polymer and/or copolymer under the polymerization or 
copolymerization conditions. Generally, if necessary, 
an organic solvent such as an aromatic compound, for 
instance toluene, xylene, benzene or ethylbenzene , or 
5 an aliphatic or alicyclic solvent, for instance 

cyclohexane, hexane or heptane, or an ether, such as 
diphenyl ether, is used. 

The process according to the invention makes 
it possible to prepare block copolymers since the 

10 polymerization of a first monomer by the process 

according to the invention leads to a living polymer 
block. It is then possible to attach to this first 
block a block of another polymer by placing the first 
living polymer block in a polymerization medium of a 

15 second monomer. It is thus possible to prepare block 
copolymers, for example copolymers comprising one or 
more polystyrene blocks and one or more polybutadiene 
blocks, or copolymers comprising one or more 
polystyrene blocks and one or more methacrylate-type 

2 0 blocks. 

Needless to say, it is possible to attach as 
many blocks as desired to the living polymer by placing 
it in a polymerization medium of a monomer from which 
it is desired to make a block. 
2 5 Thus, the invention also relates to a process 

for the preparation of a block polymer comprising at 
least one step according to the invention, leading to a 
first living block, the said living block then being 



placed in the presence of at least one other monomer 
from which it is desired to make a block attached to 
the first block, so as to form a living diblock, and so 
on, depending on the number of blocks which it is 
desired to produce. 

Thus, the present invention also relates to a 
process for the preparation of a diblock polymer, 
comprising a step of polymerization of a first monomer 
in accordance with the invention, so as to obtain a 
first living block, followed by a step during which the 
first living block is placed in the presence of a 
second monomer which is polymerized, so as to form a 
second block attached to the first block. 

The present application thus also relates to 
a process for the preparation of a triblock polymer 
comprising a step of polymerization of a third monomer 
in the presence of the diblock polymer prepared in 
accordance with what has just been stated, so as to 
form a third block attached to the diblock polymer. 

The formation of each block can be carried 
out at a different temperature. However, between the 
formation of two blocks, it is preferable not to lower 
the temperature of the medium to a temperature below 
the lower of the temperatures used for the formation of 
each of the two blocks. Preferably, the temperature of 
the medium is maintained at at least 100°C throughout 
the process for formation of the blocks, i.e. during 



9 



the formation of the blocks, but also between their 
formation. 

As examples, the following block polymers can 
be prepared: 
5 polystyrene-b-poly (methyl methacrylate) , 
polystyrene-b-poly (styrene sulphonate) , 
polystyrene-b-polyacrylamide , 
polystyrene-b-polymethacrylamide , 

poly (methyl methacrylate) -b-poly( ethyl acrylate) , 

10 polystyrene-b-poly (butyl acrylate), 

polybutadiene-b-poly (methyl methacrylate) , 
polyisoprene-b-poly (styrene-co-acrylonitrile) , 
polybutadiene-b-poly (styrene-co-acrylonitrile) , 
poly (styrene-co-butyl acrylate) -b-poly (methyl 

15 methacrylate) , 

polystyrene-b-poly (vinyl acetate) , 
polystyrene-b-poly (2 -hexylethyl acrylate) , 
polystyrene-b-poly (methyl methacrylate-co-hydroxyethyl 
acrylate) , 

20 polys tyrene-b-polybutadiene-b-poly (methyl 
methacrylate) , 

polybutadiene-b-polystyrene-b-poly (methyl 
methacrylate) , 

polystyrene-b-poly (butyl acrylate) -b-polystyrene, 
2 5 polystyrene-b-polybutadiene-b-polystyrene, 
polys tyrene-b-polyisoprene-b-polystyrene. 

By virtue of the possibility of using little 
or no solvent, the process according to the invention 
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can, for example, be carried out in an extruder. It is 
thus possible to prepare a polymer or copolymer in the 
extruder so as to obtain after extrusion a converted 
product, for example in the form of granules, profiles, 
5 tubes, sheets, films or plates. 

A block polymer can be prepared at least 
partially, or even entirely, in the extruder. In this 
case, the process can be performed, for example, in one 
of the following two ways: 
10 1. a first living block of a monomer is prepared 

in a reactor in accordance with the process 
according to the invention. This first block 
is then introduced into the extruder along 
with the second type of monomer which it is 
15 desired to place next to the first block, as 

second block. The copolymerization by 
formation of the second block is carried out 
in the extruder. 
2 . a first monomer is introduced into the top of 
20 the extruder and is polymerized in the first 

part of the extruder, in accordance with the 
process according to the invention. The 
second monomer is then introduced during 
extrusion of the first monomer block and the 
25 copolymerization by formation of the second 

block is carried out in the second part of 
the extruder. 
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Needless to say, the invention is not limited 
to the formation of homopolymers , random copolymers or 
diblock copolymers . Copolymers comprising more than two 
blocks can also be prepared, for example by introducing 
into an extruder as many monomers as there are blocks 
which it is desired to insert into the final copolymer. 

If so desired, all of the polymerization 
steps leading to the block polymer can thus be carried 
out in an extruder. 

The process according to the invention allows 
the preparation of polymers grafted with grafts of 
homopolymeric or block-polymeric nature. The reason for 
this is that the polymerization of a monomer in the 
presence of a stable free radical and of a 
polymerization macroinitiator leads to a block of 
living polymer grafted onto the polymer chain of the 
initial macroinitiator. The term macroinitiator is in 
fact understood to refer to a polymer in which at least 
one atom is capable of taking a radical form under the 
conditions of formation of the said block, the said 
radical form being capable of initiating the 
polymerization of the monomer intended to form the said 
block. Such macro initiators are described in French 
Patent Application filed under the number 97/13383. The 
block thus formed is living since it has at its end a 
group capable of generating the stable free radical. It 
is thus possible to attach a second block to this first 
block by placing the polymer grafted with the first 
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block in the presence of another monomer, so as to 
polymerize that monomer after the first block. After 
the formation of this second block, the polymer appears 
grafted with a diblock copolymer and still has at its 
end a group capable of generating the stable free 
radical . 

Needless to say, it is possible to attach as 
many blocks as desired to the living polymer by placing 
it in a medium for polymerization of a monomer from 
which it is desired to make a block. 

Thus, the invention also relates to a process 
for the preparation of a grafted polymer comprising at 
least one step according to the invention leading to a 
polymer grafted with a first living block, the said 
living block then being placed in the presence of at 
least one other monomer from which it is desired to 
make a block attached to the first block, so as to form 
a polymer grafted with a living diblock, and so on, 
depending on the number of blocks which it is desired 
to produce for the graft. 

The formation of each block can be carried 
out at a different temperature. However, between the 
formation of two blocks, it is preferable not to lower 
the temperature of the medium to a temperature below 
the lower of the temperatures used for the formation of 
each of the two blocks. Preferably, the temperature of 
the medium is maintained at at least 100°C throughout 
the process of formation of the blocks, i.e. during the 



13 



formation of the blocks, but also between their 
formation. 

As examples, the following grafted copolymers 
can be prepared: 
5 polyethylene-g-polystyrene, 

polyethylene-g-poly (methyl methacrylate) , 
polyethylene-g-poly (styrene-co-acrylonitrile) , 
polyethylene-g-poly (styrene-co-hydroxyethyl acrylate) , 
polyethylene-g- (polystyrene-b-poly (methyl meth- 

10 acrylate) ) , 

polypropylene-g-polystyrene , 
polypropylene-g-poly (methyl methacrylate) , 
polypropylene-g-poly (styrene-co-acrylonitrile) , 
polypropylene -g- (polystyrene-b-poly (methyl meth- 

15 acrylate) ) , 

poly (ethylene-co-glycidyl methacrylate) -g-polystyrene, 
poly (styrene-co-acrylonitrile) , 

polypropylene-g- (polystyrene-b-poly (methyl meth- 
acrylate) ) , 

20 poly (ethylene-co-glycidyl methacrylate) -g-polystyrene , 
poly (ethylene-co-glycidyl methacrylate) -g-poly (methyl 
methacrylate) , 

poly (ethylene-co-glycidyl methacrylate) -g-poly (styrene- 
co-acrylonitrile) , 
25 poly (ethylene-co-ethyl acrylate) -g-polystyrene, 
poly (ethylene-co-ethyl acrylate) -g-poly (methyl 
methacrylate) , 
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poly (ethylene-co-ethyl acrylate) -g-poly (styrene-co- 
acrylonitrile) , 

poly (ethylene-co-vinyl acetate) -g-polystyrene, 
poly (ethylene-co-ethyl acrylate-co-maleic anhydride) -g- 
5 polystyrene, 

poly {ethylene-co-ethyl acrylate-co-maleic anhydride) -g- 
poly (methyl methacrylate) , 

poly (ethylene-co-ethyl acrylate-co-maleic anhydride) -g- 
poly (styrene-co-acrylonitrile) , 
10 poly (ethylene-co-butyl acrylate) -g-polystyrene, 

poly (ethyl ene-co-butyl acrylate) -g-poly (methyl meth- 
acrylate) , 

poly (ethyl ene-co-butyl acrylate) -g-poly (styrene-co- 
acrylonitrile) , 
15 poly (ethylene-co-ethyl acrylate-co-glycidyl 
methacrylate) -g-polystyrene, 

poly (ethylene-co-ethyl acrylate-co-glycidyl 
methacrylate) -g-poly (methyl methacrylate) , 
poly (ethylene-co-ethyl acrylate-co-glycidyl 

20 methacrylate) -g-poly (styrene-co-acrylonitrile) , 
polycarbonate-g-polys tyrene , 
polycarbonate-g-poly (methyl methacrylate) , 
polycarbonate-g-poly (styrene-co-acrylonitrile) . 

Here also, the formation of the grafted 

25 polymer can be carried out at least partially, or even 
entirely, in an extruder. If so desired, all of the 
polymerization steps leading to the grafted polymer can 
be carried out in an extruder. 
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A stable free radical should not be confused 
with free radicals which are very short-lived (a few 
milliseconds), such as the free radicals derived from 
the usual polymerization initiators, for instance 
5 peroxides, hydroperoxides and azo-type initiators. 
Polymerization-initiating free radicals tend to 
accelerate the polymerization. In contrast, stable free 
radicals generally tend to slow down the 
polymerization. It can generally be stated that a free 

10 radical is stable within the sense of the present 

invention if it is not a polymerization initiator and 
if, under the working conditions of the present 
invention, the average lifetime of the radical is at 
least five minutes. During this average lifetime, the 

15 molecules of the stable free radical alternate 

continuously between the radical form and the form of a 
group attached via a covalent bond to a polymer chain. 
Needless to say, it is preferable for the stable free 
radical to have good stability throughout its use in 

20 the context of the present invention. Generally, a 

stable free radical can be isolated in radical form at 
room temperature. 

It is recalled that the notion of a stable 
free radical is known to those skilled in the art to 

25 denote a radical which is so persistent and so 

unreactive towards air and atmospheric moisture that 
the pure radical can be handled and stored with no more 
precautions at room temperature than for most 
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commercial chemical products (see in this respect D. 
Griller and K. Ingold, Accounts of Chemical Research, 
197 6, 9, 13-19, or Organic Chemistry of Stable Free 
Radicals, A. Forrester et al . , Academic Press, 1968). 
5 The family of stable free radicals includes 

in particular compounds which act as radical 
polymerization inhibitors, stable nitroxide radicals, 
i.e. radicals comprising the group =N-0" . It is possible 
to use as stable free radical, for example, the 
10 radicals represented by the following formulae: 
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in which n represents a non-zero integer and R x , R 2 , R 3 . 
R 4 , R'i and R' 2 , which may be identical or different, 
represent a halogen atom such as chlorine, bromine or 
iodine, a linear, branched or cyclic, saturated or 
5 unsaturated hydrocarbon-based group such as an alkyl or 
phenyl radical, or an ester group -COOR or an alkoxy 
group -OR, or a phosphonate group -P0(0R)2/ or a polymer 
chain which may be, for example, a poly (methyl 
methacrylate) , polybutadiene or polyolef in chain such 
10 as a polyethylene or polypropylene chain, but 

preferably being a polystyrene chain, and in which R 5 , 
R 6 , R 7 , R 8/ Rg and R 10 , which may be identical or 
different, can be chosen from the same family of groups 
as that which has just been envisaged for R i( R 2 , R3, R4/ 
15 R'i and R' 2 , and can furthermore represent a hydrogen 
atom, a hydroxyl group -OH or an acid group such as - 
COOH or -PO(OH) 2 or -SO3H. 

In particular, the stable free radical can be 
2,2, 5, 5-tetramethyl-l-pyrrolidinyloxy sold under the 
20 brand name PROXYL or 2 , 2 , 6 , 6-tetramethyl-l- 

piperidyloxy, generally sold under the name TEMPO . 

The stable free radical can also be chosen 
from the following list 

- N- tert -butyl - 1 -phenyl -2 -me thy lpropy 1 
2 5 nitroxide, 

- N-tert-butyl-1- (2-naphthyl) -2-methylpropyl 
nitroxide, 
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- N-tert-butyl-l-diethylphosphono-2 , 2- 
dimethylpropyl nitroxide, 

- N-tert-butyl-l-dibenzylphosphono-2 ,2- 
dimethylpropyl nitroxide, 

- N-phenyl-l-diethylphosphono-2 , 2- 
dimethylpropyl nitroxide, 

- N-phenyl-l-diethylphosphono-l-methylethyl 
nitroxide, 

- N- (l-phenyl-2-methylpropyl) -1- 
diethylphosphono-l-methylethyl nitroxide, 

- 4-hydroxy-2 , 2 , 6 , 6-tetramethyl-l- 
piper idyloxy , 

- 4-OXO-2, 2 ,6, 6-tetramethyl-l-piperidyloxy, 

- 2,4, 6-tri-tert-butylphenoxy . 

The initiator is a radical polymerization or 
copolymerization initiator. This initiator is 
preferably chosen such that its half-life at the 
temperature chosen for the step of the process 
according to the invention ranges from 30 seconds to 1 
hour and preferably from 5 minutes to 3 0 minutes. 

The initiator can be chosen, for example, 
from diacyl peroxides, peroxyesters , dialkyl peroxides 
and peroxyacetals . 

The initiator can be chosen, for example, 
from the following list: 

- dibenzoyl peroxide, 

- di (o-methylbenzoyl) peroxide, 

- bis{3,5,5-trimethylhexanoyl) peroxide, 



- didecanoyl peroxide, 

- dilauroyl peroxide, 

- tert-butyl peroxybenzoate, 

- tert-butyl peroxy-3 , 5 , 5-trimethylhexanoate , 

- 2 , 5-dimethyl-2 , 5-di (benzoylperoxy) hexane, 

- OO-tert-butyl O-isopropyl 
monoperoxycarbonate , 

- OO-tert-butyl 0- (2-ethylhexyl) 
monoperoxycarbonate , 

- tert-amyl peroxy-3 , 5 , 5-trimethylhexanoate, 

- tert-butyl peroxy-2-ethylhexanoate, 

- tert-amyl peroxy-2-ethylhexanoate, 

- tert-butyl peroxypivalate , 

- tert-amyl peroxypivalate, 

- tert-butyl peroxyneodecanoate, 

- tert-amyl peroxyneodecanoate, 

- a-cumyl peroxyneodecanoate, 

- 3 -hydroxy- 1 , 1 -dime thy lbutyl 
peroxyneodecanoate , 

- 2, 5-dimethyl-2, 5-di (tert- 
butylperoxy ) hexane , 

- 2, 5-dimethyl-2,5-di(tert-butylperoxy)hex-3 
yne , 

- tert-butyl cumyl peroxide, 

- dicumyl peroxide, 

- di- tert-butyl peroxide, 

- 1, 1-di (tert-butylperoxy) -3 , 3 , 5- 
t r ime thy 1 eye 1 ohexane , 
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- 1, 1-di ( tert-butylperoxy) cyclohexane, 



- 2 , 2-di (tert-butylperoxy) butane, 



- n-butyl 4, 4-di (tert-butylperoxy) valerate, 



- ethyl 3 , 3-di ( tert-butylperoxy )butyrate, 
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- ethyl 3 , 3-di ( tert-amylperoxy) butyrate . 



The term monomer is understood to refer to 



any monomer which can be polymerized or copolymerized 
via a radical route. 

The monomer can be chosen from vinyl, 
10 vinylidene, diene, olefinic and allylic monomers. 

The term vinyl monomers is understood to 
refer to (meth) acrylates , vinylaromatic monomers, vinyl 
esters, (meth) acrylonitrile, (meth) acrylamide and mono- 
and di(Ci-Ci8 alkyl) (meth) acrylamides , and monoesters 
15 and diesters of maleic anhydride and of maleic acid. 

The (meth) acrylates are, in particular, those 
of the respective formulae: 



in which R° is chosen from linear or branched, primary, 
2 0 secondary or tertiary Ci-Ci 8 alkyl radicals, C 5 -Ci 8 
cycloalkyl radicals, (Ci-Ci 8 ) alkoxy (Ci-Ci 8 ) alkyl 
radicals, (d-C 18 ) alkyl thio (C^dg ) alkyl radicals, aryl 
radicals and arylalkyl radicals, these radicals being 
optionally substituted with at least one halogen atom 
2 5 and/or at least one hydroxyl group after protection of 



CH 3 



CH 2 = C - C - O - R° 

II 
O 



and 



CH 2 = CH - C - O - R° 

II 
0 
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this hydroxyl group, the above alkyl groups being 
linear or branched; and glycidyl, norbornyl and 
isobornyl (meth) acrylates . 

As examples of useful methacrylates , mention 
5 may be made of methyl, ethyl, 2 , 2 , 2-trif luoroethyl , 
n-propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, 
n-amyl, isoamyl, n-hexyl, 2-ethylhexyl , cyclohexyl, 
octyl, isooctyl, nonyl, decyl, lauryl, stearyl, phenyl, 
benzyl, (3 -hydroxy e thy 1 , isobornyl, hydroxypropyl or 
10 hydroxybutyl methacrylate . 

As examples of acrylates of the above 
formula, mention may be made of methyl, ethyl, 
n-propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, 
hexyl, 2-ethylhexyl, isooctyl, 3 , 3 , 5-trimethylhexyl , 
15 nonyl, isodecyl, lauryl, octadecyl, cyclohexyl, phenyl, 
methoxymethyl, methoxyethyl , ethoxymethyl or 
ethoxyethyl acrylate. 

For the purposes of the present invention, 
the term vinylaromatic monomer is understood to refer 
20 to an aromatic monomer containing ethylenic 
unsaturation, such as styrene, vinyl toluene, 
a-methylstyrene, 4-methylstyrene, 3 -me thy 1 styrene , 
4-methoxystyrene, 2- (hydroxymethyl) styrene, 
4-ethylstyrene, 4-ethoxystyrene , 3 , 4-dimethylstyrene, 
25 2-chlorostyrene, 3 -chlorostyrene , 4-chloro-3- 

me thy 1 styrene, 3-tert-butylstyrene, 2 , 4-dichloro- 
styrene, 2 , 6-dichlorostyrene and 1-vinylnaphthalene . 
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As vinyl esters, mention, may be made of vinyl 
acetate, vinyl propionate, vinyl chloride and vinyl 
fluoride . 

As vinyl idene monomer, mention is made of 
5 vinylidene fluoride. 

The term diene monomer is understood to refer 
to a diene chosen from linear or cyclic, conjugated or 
non-conjugated dienes such as, for example, butadiene, 
2 , 3-dimethylbutadiene, isoprene, 1 , 3-pentadiene , 1,4- 
10 pentadiene, 1, 4-hexadiene, 1, 5-hexadiene, 1,9- 
decadiene, 5-methylene-2-norbornene, 5-vinyl-2- 
norbornene, 2-alkyl-2 , 5-norbornadienes , 5-ethylene-2- 
norbornene, 5- (2-propenyl) -2-norbornene, 5- (5-hexenyl) - 
2 -norbornene , 1 , 5-cyclooctadiene, bicyclo [2 . 2 . 2 ] octa- 
15 2, 5 -diene, cyclopentadiene , 4 , 7 , 8 , 9-tetrahydroindene 
and isopropyl idene tetrahydroindene . 

As olefinic monomers, mention may be made of 
ethylene, butene, hexene and 1-octene. Fluoroolef inic 
monomers may also be mentioned. 
20 EXAMPLE 1 

PREPARATION OF A HOMOPOLYSTYRENE IN THE 
PRESENCE OF TEMPO. 

The reagents below are introduced at room 
temperature into a 10 0 ml glass round-bottomed flask 
25 under a nitrogen atmosphere, fitted with a mechanical 
stirrer and a temperature-adjustment system: 
- 40 g of styrene (i.e. 0.385 mol) , 
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- 0.21 g of dicumyl peroxide (i.e. 7.7 x 1CT 4 

mol) , 

- 0.024 g of 2 , 2 , 6 , 6- tetramethyl-1- 
piperidyloxy (i.e. 1.53 x 10" 4 mol of TEMPO). 

5 The reaction mixture is then brought to 

143 °C. The moment at which the reaction mixture reaches 
the temperature of 143 °C is defined as the starting 
point of the test. After 40 min, 90% conversion is 
obtained. The percentage of conversion corresponds to 
10 the % of monomer converted into polymer and is 

calculated by proton NMR spectroscopy with integration 
of the peaks corresponding to the polymer and to the 
monomer, and by weighing the polymer obtained. 

The final polystyrene, after purification, 
15 has a number -average molecular mass of 35,000 and a 
polydispersity index of 1.8. The purification step 
consists in dissolving the polystyrene in THF (about 
ten times the mass of polystyrene) and precipitating 
the solution from 100 volumes of methanol. The powder 
20 obtained is filtered off and then dried. The number- 
average molecular mass (written as Mn) is determined by 
gel permeation chromatography (GPC) in THF, after 
calibration with standard polystyrene samples, and the 
polydispersity index (written as Ip) is the ratio of 
2 5 the weight-average molecular mass to the number-average 
molecular mass, both measured by GPC. 
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EXAMPLE 2 (COMPARATIVE) 

PREPARATION OF A HOMOPOLYSTYRENE IN THE 
ABSENCE OF TEMPO 

The process is performed as in Example 1, 
5 except that no TEMPO is added. For the same 

polymerization conditions, after reaction for 40 min, 
90% conversion is obtained and the polystyrene 
synthesized has an Mn of 3 9,500 and a polydispersity 
index of 2.2. 
10 EXAMPLE 3 

SYNTHESIS OF POLYSTYRENE -b- POLY (n- BUTYL 
ACRYLATE) BLOCK COPOLYMERS 

The reagents below are introduced at room 
temperature into a 100 ml glass round- bottomed flask 
15 under a nitrogen atmosphere, fitted with a mechanical 
stirrer and a temperature-adjustment system: 

- 20 g of styrene (i.e. 0.192 mol) , 

- 0.216 g of dicumyl peroxide (i.e. 8 x 10~ 4 

mol) , 

20 - 0.0245 g of TEMPO (i.e. 1.57 x 10" 4 mol). 

The reaction mixture is then brought to 
143 °C. The moment at which the reaction mixture reaches 
the temperature of 143 °C is defined as the starting 
point of the text. After 35 min, a sample is taken and 

25 analysed: the degree of conversion is 90% and the 

polystyrene has an Mn of 21,000 and a polydispersity 
index of 1.8. 
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While maintaining the temperature of the 
reaction mixture at 143 °C, 3 0 g of butyl acrylate are 
added. As the reaction proceeds, the viscosity of the 
mixture increases. After reaction for 20 min, the 
5 reaction mixture sets to a solid, which implies that 
the polymerization has stopped. A sample is then taken 
in order to be analysed by GPC. 

Next, the reaction mixture is dissolved in 
THF (in about 10 times the mass of polymer obtained) 
10 and is then precipitated from 100 volumes of methanol. 
The copolymer obtained has an Mn of 32,000 and a 
polydispersity index of 3 . The GPC chromatogram is 
monomodal without a shoulder. Furthermore, the GPC 
chromatogram is shifted towards high masses when 
15 compared with the chromatogram obtained immediately 
before addition of butyl acrylate. These two results 
clearly show that copolymerization has taken place. 
EXAMPLE 4 

SYNTHESIS OF PS-b-PBuA BLOCK COPOLYMERS 

2 0 The process is performed as in the above 

example, except that half as much initiator and stable 
free radical (TEMPO) are used relative to the monomer. 
The final copolymer has an Mn of 57,000 and an Ip of 
2.7. The GPC curve is monomodal without a shoulder. 

25 Furthermore, it is shifted towards high masses when 
compared with the chromatogram obtained immediately 
before addition of butyl acrylate, which shows that 
copolymerization has indeed taken place. 
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Differential calorimetry analysis (DSC for 
"Differential Scanning Calorimetry") shows the presence 
of two glass transition temperatures at -45°C and at 
95°C, respectively characterizing the poly (butyl 
5 acrylate) block and the polystyrene block. 

EXAMPLE 5 (COMPARATIVE) 

The process is performed as in Example 3, 
except that no TEMPO is added. 

The final copolymer has an Mn of 27,000 and 
10 an Ip of 5.4. The GPC curve is bimodal and one of its 
peaks is identical to that obtained before the attempt 
to produce the poly (butyl acrylate) block. This 
indicates that copolymerization has not taken place and 
that the product finally obtained is only a mixture of 
15 two homopolymers . 

EXAMPLE 6 

The process is performed as in Example 4, 
except that the butyl acrylate is replaced by the same 
number of moles of butyl methacrylate and the 

2 0 purification step is carried out in hexane. 

The final copolymer has an Mn of 52,000 and 
an Ip of 1.9. The GPC analysis indicates that 
copolymerization has indeed taken place. The DSC 
analysis shows the presence of two glass transition 

2 5 temperatures at 3 5°C and 95 °C, respectively 

characterizing the poly (butyl methacrylate) block and 
the polystyrene block. 



27 



EXAMPLE 7 (COMPARATIVE) 

ATTEMPT TO PREPARE A POLYSTYRENE /POLY (BUTYL 
METHACRYLATE) BLOCK COPOLYMER IN THE PRESENCE OF A HIGH 
CONCENTRATION OF TEMPO 

5 The following reagents are introduced at room 

temperature into a 100 ml glass round-bottomed flask 
under a nitrogen atmosphere, fitted with a mechanical 
stirrer and a temperature-adjustment system: 

- 40 g of styrene (i.e. 0.384 mol) , 
10 - 0.775 g of benzoyl peroxide (i.e. 

3 .22 x 10" 3 mol) , 

- 0.5 g of TEMPO (i.e. 3.2 x 10" 3 mol). 

The reaction mixture is first maintained at 
95°C for 3.5 hours and is then brought to 143°C. The 

15 moment at which the reaction mixture reaches the 

temperature of 143 °C is defined as the starting point 
of the test. After 32 hours, 83% conversion is 
obtained. The number -average molecular mass is 92 00 for 
a polydispersity index of 1.7. 

20 While maintaining the temperature of the 

reaction mixture at 143 °C, 3 0 g of butyl methacrylate 
are added. In 10 hours of stirring, the viscosity of 
the mixture does not change. A sample is then taken for 
analysis by GPC . The GPC analysis shows that the 

25 polystyrene made during the first step has not changed 
during the second step (heating in the presence of 
butyl methacrylate) . 
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The reaction mixture is then dissolved in THF 
(in about 10 times the mass of polymer obtained) and is 
then precipitated from 100 volumes of methanol. 
Analysis by infrared spectroscopy and by proton NMR 
5 shows that there is no methacrylate sequence in the 
final polymer. 
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CLAIMS 

1 . Process for the preparation of a polymer 
or copolymer comprising a step of polymerization or 
copolymerization of at least one monomer which can be 
5 polymerized via a radical route, in the presence of a 
polymerization or copolymerization initiator and of a 
stable free radical, the said step being such that, per 
100 mol of monomer, the following relationships are 
confirmed: 
10 F SFR x (SFR) 

< 0.15 

Finit X (INIT) 

and 

F SF r X (SFR) < 0.2 mol, 

15 in which 

- (SFR) represents the number of moles of 
stable free radical in the polymerization or 
copolymerization medium, 

- F S fr represents the functionality of the 

2 0 stable free radical, i.e. the number of sites 

on the same stable free radical molecule in 
stable free radical form, 

- (INIT) represents the number of moles of 
polymerization or copolymerization initiator 

25 in the polymerization or copolymerization 

medium, 

- Finit represents the functionality of the 
initiator, i.e. the number of sites in free 
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radical form which each initiator molecule is 
capable of generating. 

2. Process according to Claim 1, 
characterized in that the step is such that the 

5 following relationship is confirmed: 
F SFR x (SFR) 

0.0005 < < 0.15 

Finit X (INIT) 

3. Process according to Claim 2, 

10 characterized in that the step is such that the 
following relationship is confirmed: 
F SFR x (SFR) 

0.005 < < 0.1 

Finit X (INIT) 
15 4 . Process according to Claim 3 , 

characterized in that the step is such that the 
following relationship is confirmed: 
F SFR x (SFR) 

0.005 < ; < 0.05 

20 Fjnit X (INIT) 

5 . Process according to one of Claims 1 to 
4, characterized in that the step is such that, per 100 
mol of monomer, F INIT x (INIT) ranges from 0.01 to 20 
mol . 

2 5 6. Process according to Claim 5, 

characterized in that the step is such that, per 100 
mol of monomer, F INrr x (INIT) ranges from 0.1 to 2 mol. 



7 . Process according to one of the 
preceding claims, characterized in that the step is 
such that, per 100 mol of monomer, F 3FR x (SFR) ranges 
from 0.0001 to 0.2. 

8. Process according to Claim 7, 
characterized in that the step is such that, per 100 
mol of monomer, F SFR x (SFR) ranges from 0.0005 to 0.1. 

9. Process according to one of the 
preceding claims, characterized in that the step of the 
process according to the invention is carried out in 
the presence of a solvent in a proportion of from 0 to 
20% by weight of the sum of the mass of monomer and 
solvent . 

10. Process according to Claim 9, 
characterized in that the step of the process according 
to the invention is carried out in the presence of a 
solvent in a proportion of from 0 to 10% by weight of 
the sum of the mass of monomer and solvent. 

11. Process according to Claim 10, 
characterized in that the step of the process according 
to the invention is carried out in the absence of 
solvent . 

12 . Process according to one of the 
preceding claims, characterized in that the step is 
carried out at from 100 to 250°C. 

13. Process according to Claim 12, 
characterized in that the step is carried out at from 
130 to 200°C. 
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14 . Process according to one of the 
preceding claims, characterized in that the step is 
carried out with a degree of conversion of monomer of 
greater than 50%. 
5 15. Process according to Claim 14, 

characterized in that the step is carried out with a 
degree of conversion of monomer of greater than 90%. 

16. Process according to one of the 
preceding claims, characterized in that the temperature 

10 during the step and in that the initiator are chosen 
such that the half-life of the initiator at the said 
temperature ranges from 3 0 seconds to 1 hour. 

17. Process according to Claim 16, 
characterized in that the half-life of the initiator at 

15 the chosen temperature ranges from 5 minutes to 30 
minutes . 

18 . Process according to one of the 
preceding claims, characterized in that the initiator 
is chosen from diacyl peroxides, dialkyl peroxides and 

2 0 peroxyacetals . 

19 . Process according to one of the 
preceding claims, characterized in that at least one 
monomer is from the methacrylate family. 

20. Process according to one of the 

25 preceding claims, characterized in that at least one 
monomer is a butyl methacrylate. 

21. Process for the preparation of a block 
polymer comprising a step according to one of Claims 1 
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to 20, leading to the formation of a first living 
block, followed by the formation of at least one block 
of a monomer which is different from the one used for 
the said step. 

5 22. Process for the preparation of a diblock 

polymer, comprising a step according to one of Claims 1 
to 20, leading to a first living block of a first 
monomer, followed by a step during which the first 
living block is placed in the presence of a second 
10 monomer which is polymerized, so as to form a second 
block attached to the first block. 

23 . Process for the preparation of a 
triblock polymer comprising a step of polymerization of 
a third monomer in the presence of the diblock polymer 

15 prepared by the process of Claim 22, so as to form a 
third block attached to the diblock polymer. 

24. Process according to one of Claims 21 to 
23, characterized in that, between the formation of two 
blocks, the temperature is at least equal to the lower 

20 temperature used to produce one of the two blocks. 

25. Process according to one of Claims 21 to 
23, characterized in that, between the formation of two 
blocks, the temperature remains at least equal to 
100°C. 

25 26. Process for the preparation of a grafted 

polymer comprising a step according to one of Claims 1 
to 20, in which step the initiator is a macroinitiator 
comprising a polymer in which at least one atom is 
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capable of taking a radical form capable of initiating 
the polymerization of a first monomer in order to form 
a first living block grafted to the polymer . 

27 . Process for the preparation of a polymer 
5 grafted with a diblock copolymer, comprising a step of 

polymerization of a second monomer in the presence of 
the polymer grafted by the process of Claim 26. 

28. Process according to one of the 
preceding claims, characterized in that it is carried 

10 out at least partially in an extruder. 

29. Process according to Claim 28, 
characterized in that all of the polymerization steps 
are carried out in an extruder. 
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copolymers and can be carried out in an extruder. 
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G Markey (Reg. No. 31636), all of Penme & Edmonds llp, whose addresses are 1 155 Avenue of the Americas, New York, New York 10036, 1667 K Street N.W., 
Washington, DC 20006 and 3300 Hillview Avenue, Palo Alto, CA 94304, and each of them, my attorneys, to prosecute this application, and to transact all business 
in the Patent and Trademark Office connected therewith. 
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I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are believed 
to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 1 8 of the United States Code and that such willful false statements may jeopardize the validity 
of the application or any patent issuing thereon. 
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